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Abstract
Earthquakes are one of the most devastating natural disasters on Earth, causing sometimes huge economic losses and many human 
casualties. Since earthquake prediction is not yet possible, the purpose of civil protection is to reduce damage and protect human 
lives, in which the seismological networks of different countries play a very important role. Special applications of seismic networks 
are the early warning systems that can be used to protect vulnerable infrastructures using automated shutdown procedures, to 
stop high velocity trains and to save lives if the general public is notified about imminent strong ground shaking. In this paper, we 
describe the aims and operation of seismological networks, covering in more detail the early warning systems. Then we delineate 
the seismotectonic settings and seismicity in Hungary and Kazakhstan, furthermore, describe the operating seismological networks 
and the related scientific research areas with emphasis on civil protection. Hungary and Kazakhstan differ not only in the size of their 
territory, but also in their seismicity, therefore, in addition to the similarities, there are also significant differences between the aims 
and problems of their seismological networks.
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1 Introduction
Earthquakes are one of the most destructive natural disasters 
on Earth. They occur suddenly and the seismic waves they 
excite propagate at high velocity in all directions, there-
fore the possibilities of preparatory and evacuation mea-
sures are limited. Thus, the consequences of earthquakes 
are associated with huge economic losses and numerous 
human victims. Since earthquake prediction is not yet pos-
sible, the purpose of civil protection is to reduce damage 
and protect human lives, in which the seismological net-
works of different countries play a very important role.
Civil protection measures strongly depend on the 
level of the expectable seismicity in a region. Although 
Hungary and Kazakhstan significantly differ in their tec-
tonic settings, consequently their seismicity, seismologi-
cal research plays an important role in both countries.
In this paper first we describe the aims and operation 
of seismological networks, covering in more detail the 
early warning systems. Then we delineate the seismotec- 
tonic settings and seismicity in Hungary and Kazakhstan, 
furthermore, describe the operating seismological net-
works and the related scientific research areas with 
emphasis on civil protection. Finally, we summarize the 
main similarities and differences of the presented seismo-
logical networks.
2 Seismological networks
2.1 Operation and purpose of seismological networks
The first seismic instruments were installed at the begin-
ning of the 20th century. The very first and basic problem 
was to locate the seismic events and determine their mag-
nitude. For location, at least 3 stations or more are neces-
sary. Before 1960, seismic stations operated independently 
so their observations were sent to a central location where 
they were processed together. Today most seismic networks 
have stations that are linked in a communication network, 
so data is transmitted to a center in real time.
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Seismic networks have three main purposes [1]:
Seismic alarm
It requires an immediate response after strong earth-
quakes, serves civil defense purposes, to mitigate the social 
and economic consequences of a damaging earthquake.
General or specific seismic monitoring
Its aims are the long-term mitigation of seismic risk 
caused by tectonic earthquakes and human activity (for 
example preparing seismic hazard maps), studying seis-
motectonics, monitoring volcanic activity. Seismic net-
works are one of the most important tools used in moni-
toring the international nuclear test ban treaty.  
Research on the interior of the Earth
The oldest goal of seismology is to study the structure 
and physical properties of the deeper Earth's interior.  
Seismic networks can be very small for the localization 
of micro-earthquakes and can be global for recording events 
around the world. The objectives define the technical design 
of the networks and the types of sensors used. Micro-earth-
quakes can be recorded with small geophones, while global 
earthquake recording requires broadband seismometers. 
Seismometers are very sensitive sensors recording 
ground velocity however they are too sensitive for strong 
motion signals. Therefore, in areas of high seismicity where 
the main goal of networks is the future seismic risk mitiga-
tion, accelerometers are installed to record strong motions.
Special applications of seismic networks are the early 
warning systems, which are described in more detail in the 
next section.
2.2 Earthquake Early Warning Systems (EEWS) 
EEWS is a system of accelerometers, seismometers, com-
munication, and computers designed to provide warn-
ing that shaking from an earthquake is expected before 
it actually arrives. It is not earthquake prediction, as the 
earthquake has already begun, but can be used to protect 
vulnerable infrastructures using automated shutdown pro-
cedures, and to save lives if the general public is notified 
about imminent strong ground shaking.
Earthquake early warning systems are based on two 
principles; first, that the propagation velocity of compres-
sional P-waves is higher than that of destructive shear 
S-waves and surface waves. Second, seismic waves are 
far slower than the electromagnetic waves used in modern 
communication systems.
In EEWS, the first P-waves are recorded by a dense 
seismic network as soon as these waves reach the nearest 
stations. The data is then immediately transmitted to a pro- 
cessing center at the speed of electromagnetic waves and 
information from multiple stations is combined to deter-
mine the epicenter and to predict the strength of ground 
shaking caused by the slower and more damaging S waves. 
In general, the closer a site is to the rupture, the stron-
ger is the shaking that can be expected, and the shorter is 
the warning time. This is particularly true for moderate 
earthquakes, up to about a magnitude of 6.5. Very close 
to the epicenter, where damage will be the greatest, it may 
not be possible to provide a warning before the strong 
shaking begins.
For EEWS, we can talk about alert (Ta) and warning (Tw) 
time as well as the blind zone (Rblind) where the warning is 
not possible. Alert time is the elapsed time between the ori-
gin time of the earthquake and the time when the alert is 
issued [2]. Warning time is the number of seconds after the 
alert is issued before the S-wave arrives at a particular loca-
tion. It is spatially variable and can also be negative in the 
blind zone (or no-alert zone), where the S-wave arrives first.
The warning time of EEWS, can be expressed as:
















where TS is the time that takes for S-wave to arrive at the 
object, TP1 is the time that takes for P-wave to arrive at 
minimum three stations closest to the epicenter, Tpr is the 
sum of data transmission delay and calculation time of the 
earthquake parameters, Repi is the epicentral distance of 
early warning object, R1 is the epicentral distance of the 
farthest of the three stations closest to the epicenter, h is 
the focal depth, VS and VP are the propagation velocity of 
S- and P-waves.
Alert and warning time as well as the blind zone depend 
also on distances between seismic stations (Δx) in the net-
work. For example, if we look at an earthquake which 
occurs at a depth of 10 km and assume 5.8 km/s for P-wave 
velocity and 3.4 km/s for S-wave velocity for the upper-
most layer from the IASP91 model [3], as well as 5 s as the 
sum of data transmission delay and processing time, we 
can calculate both the alert time and radius of blind zone 
in function of station distance, using Eqs. (1)–(3). As it can 
be seen from Table 1, the larger the station distance, the 
longer the alert time and the larger the blind zone.
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On the other hand, the ground shaking is stronger, and 
more damage may be caused in the blind zone than outside it.
Fig. 1 shows the intensity decrease for earthquakes of 
different magnitudes, based on the intensity prediction 
equation (IPE) developed by Allen et al. [4]. The figure 
also shows the radius of the blind zones calculated for dif-
ferent station distances. Since intensity of VI means that 
the shaking is felt by everyone, people find it difficult to 
stand, and structures may suffer some damage, we can 
see from the figure that at a possible earthquake of magni-
tude 5, there is no point in building an early warning sys-
tem. Even at a magnitude of 6, a very dense network is 
required near the epicenter for the warning to precede the 
devastating S-wave. However, this requires knowing the 
most accurate location of the active structures that cause 
the earthquake. The results of the presented modeling show 
only an approximate picture, but nevertheless indicate well 
the limitations of earthquake early warning systems.
The first EEWS was realized in the late 1980s. In Japan, 
the high-speed Shinkansen trains were automatically 
slowed down when a strong earthquake was detected in 
the proximity of the railway tracks. Presently the Japanese 
earthquake early warning relies on more than 4,000 sen-
sors. During the 2011 large Tohoku earthquake, the earth-
quake early warning system successfully issued a warn-
ing for the largest nearby city, Sendai. The East Japan 
Railway Company was able to stop the Shinkansen trains 
before the ground acceleration on the line even exceeded 
18 cm/s, a value required by the company's rules to stop 
the trains [5]. This is a very strict requirement, corre-
sponding to a value of approximately IV on the intensity 
scale (see Fig. 1).
In Mexico, following the 1985 Michoacán earthquake 
that devastated Mexico City, a public system for the city 
became operational in 1993 [6]. Today, EEW systems 
are available in numerous countries, including Romania, 
Taiwan, Turkey, Italy, Switzerland, Chile, Nicaragua, 
China, and the West Coast of the USA.
3 The seismological network in Hungary and its role in 
civil protection
3.1 Seismotectonics and seismicity of Hungary
Hungary is located in the Carpathian basin, which can be 
found between the seismically active Mediterranean area 
and the nearly aseismic East European Platform. Its tec-
tonics is determined by the northward movement of the 
African plate and the counter clockwise rotation of the 
Adria microplate and the north-northeast directed move-
ment that originates from the rotation.
Seismicity of the country can be regarded as low- 
to-moderate. Distribution of earthquakes seems to be dif-
fuse; however, there are certain areas where the likelihood 
of occurrence is higher (Fig. 2). The earthquakes occur in 
shallow depths, mainly between 6 and 15 km. The largest 
event occurred in the city of Komárom in 1763; its magni-
tude was estimated as 6.1 [7]. 
Statistical studies show that earthquakes causing light 
damages happen every 15–20 years, but for example, 
4 such quakes have occurred in the last 10 years. Stronger, 
more damaging 5.5–6 magnitude quakes happen about 
every 40–50 years [8].















Fig. 1 Median intensity attenuation with epicentral distance for M = 5, 
6, 7, and 8 (Allen et al. [4]) and the radius of blind zones at different 
station distances 
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3.2 The Hungarian National Seismological Network
The Hungarian National Seismological Network [9] is oper-
ated by the Kövesligethy Radó Seismological Observatory. 
It is a department of the Research Centre for Astronomy 
and Earth Sciences, Geodetic and Geophysical Institute. 
In addition to operating the Network that monitors earth-
quake activity in Hungary and neighboring areas, the Obser-
vatory performs basic and applied scientific research, stud-
ies earthquakes, and related phenomena, investigates the 
Earth's structure, and assesses seismic hazard in Hungary.
In 2020, 15 permanent and 26 temporary stations form 
the Hungarian National Seismological Network, cover-
ing the country quite evenly (Fig. 3). Interstation distances 
are around 40 km in western Hungary [10], and somewhat 
larger in the eastern part of the country. All stations are 
equipped with broadband seismometers that have flat veloc-
ity response from 120 to 0.02 s. The temporary stations are 
part of two international projects, the AlpArray [11] and the 
PACASE [12]. 
Because of the relatively low seismicity, strong motion 
instruments are not installed in Hungary.
Each station is connected to the Internet and trans-
mits the waveform data in real time to the datacenter in 
Budapest. In the datacenter, SeisComp3 software [13] per-
forms data processing, which 
• collects and archives waveform data,
• picks wave phases automatically or we can pick them 
manually,
• determines hypocenter and magnitude (automatic 
and/or manual),
• builds a database of localized seismic events, 
• and sends an e-mail automatically to the colleagues 
and to the main duty of National Directorate for 
Disaster Management about every localized event.
To locate hypocenters, stations of neighboring countries are 
also used beside Hungarian ones. At average background 
noise level in the daytime, the minimum magnitude is about 
1.25 above which all seismic events are detected in the coun-
try. In some regions, it can be even less than 0.75 (Fig. 4).
This sensitive network is suitable for understanding the 
seismotectonics in the Pannonian Basin, however, poses a 
problem. Namely the proportion of quarry blasts among 
registered seismic events has increased with the increas-
ing sensitivity of the network. Therefore, presently it is 
a very important task to separate manmade events from 
the earthquakes, which task is supported by an infrasound 
array installed at the PSZ seismological station.
In Hungary, one nuclear power plant operates, and one is 
planned on the same site in Paks (Fig. 2). These are located 
in a low seismicity part of Hungary but known structural 
lines can be found below the site. In order to monitor the 
earthquake activity in the vicinity of the Paks Nuclear Power 
Plant (NPP) a Microseismic Monitoring Network [14] 
Fig. 3 Permanent and temporary broadband stations in Hungary, in 
2020 operated by the Kövesligethy Radó Seismological Observatory
Fig. 2 Seismicity in and around Hungary with the main railway lines 
marked by gray lines. NPP: Nuclear Power Plant
Fig. 4 Detection capability of the Hungarian National Seismological 
Network supplemented with stations of neighboring countries at 
average background noise level in the daytime
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operates around it (Fig. 5). 15 permanent broadband sta-
tions of the Hungarian National Seismological Network 
supplemented by 12 short period stations and 5 borehole 
stations owned by Paks NPP participate in the monitoring. 
The GeoRisk Ltd. operates this Microseismic Monitoring 
Network and publishes the detected events in their annual 
seismological bulletin. Fortunately, the experienced seis-
micity is really low around the Paks NPP (see Fig. 2).
3.3 The role of the Hungarian National Seismological 
Network in civil protection
The researchers of the Observatory maintain a 24-hour pro-
fessional duty. In the event of a felt earthquake, they send a 
notice to the National Directorate for Disaster Management 
and to the Hungarian National News Agency. The popula-
tion is informed through the website of the Observatory [15] 
and through the social media [16, 17]. The contact with cit-
izens is not one-way, the researchers collect macroseis-
mic information through online questionnaires and the 
Observatory's Facebook page. They also participate in higher 
education and dissemination of scientific knowledge.
Ground motions that had been caused by the occurred 
earthquake is also modelled in the Observatory. It includes 
instrumental parameters such as peak and spectral ground 
accelerations, peak ground velocity and macroseismic 
intensity (Fig. 6). This ShakeMap modelling [18] can be 
made after the occurrence of an earthquake. 
The maximum magnitude of earthquakes expected in 
Hungary is approximately 6.5 [8]. The distribution of seis-
micity is diffuse, their occurrence cannot be related to 
clearly known, active fault lines. The largest known earth-
quake of 6.1 magnitude occurred in Komárom [7], where 
the main railway line connecting Budapest and Western 
Europe passes. Likewise, a magnitude 5.6 earthquake 
south of Budapest occurred in 1956 [19, 20]. This event 
caused liquefaction near the epicenter and notable damage 
in the capital. If a similar earthquake happened either in 
Komárom or near Budapest, passenger and freight trans-
port would suffer significant damage causing even more 
economical loss. For earthquakes of this magnitude, a very 
dense network of stations is required near the epicenter 
for the successful operation of an early warning system. 
However, the largest event occurred in 1763 and seismic 
activity in the vicinity of its epicenter has been relatively 
low for the past century. Moreover, we cannot know where 
the next larger quake will occur. Furthermore, as Hungary 
is a relatively small country and its critical infrastruc-
ture is concentrated in the central part, the warning time 
in case of a large earthquake would be short and might 
not even be possible to take effective response measures. 
Therefore, the establishment of an early warning system 
does not seem realistic in Hungary at present.
One of the focuses of the research at the Observatory 
is the seismic hazard assessment. The seismic hazard map 
of Hungary forms the basis of the National Annex to the 
Eurocode 8 earthquake safety standard, which has been in 
force in the country since 2009.
Fig. 5 Microseismic Monitoring Network of Paks NPP
Fig. 6 Macroseismic intensity distribution of 2013 Tenk earthquake 
(ML4.8) estimated from the measured peak ground velocities at each 
seismological station and from the macroseismic questionnaire-based 
assessed intensities.
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Amplification of local geology and methods of seismic 
microzonation are also studied. Currently preparations are 
under way for the computation of a new probabilistic seis-
mic hazard map of Hungary since the previous one was 
made 15 years ago. These include preparation of a new 
seismotectonic map, review of the earthquake catalogue 
and developing ground motion prediction equations for 
the Pannonian basin.
4 Seismological networks in Kazakhstan and their role 
in civil protection
4.1 Seismotectonics and earthquakes in Kazakhstan
Kazakhstan is the largest country in Central Asia and the 
ninth largest in the world. It is bounded by Russia to the 
north, China to the east, Kyrgyzstan and Uzbekistan to the 
south, and the Caspian Sea and Turkmenistan to the west. 
There is considerable variation in topography within the 
country, with highest and lowest elevations of 7,010 meters 
in the Tian Shan range and –132 meters in the Caspian 
Depression, respectively. Seventy percent of the country, 
including the entire west and most of the south, is either 
desert or semi-desert. Kazakhstan lies in a region with low 
to very high seismic hazard. The Tian Shan Mountains in 
the south eastern part of the country is a large, ⁓1500 km 
long and up to 500 km wide intraplate mountain system 
that formed between the Tarim Basin and the Kazakh 
Shield as a result of the India-Asia collision (Fig. 7). 
This and its adjacent region are in a zone of high seismic-
ity with earthquakes up to about magnitude 9 and surface 
faulting-up to 300 km [21].
The seismic hazardous region is home of more than one 
third of the total population and 40 % of industrial facil-
ities are located here, including the largest industrial and 
cultural center of the country - the city of Almaty with 
a population of more than 1.7 million people.
Over the past centuries, many catastrophic earthquakes 
have occurred in the region. In 1887, the Verny earthquake 
with a magnitude of about 7.3 had its epicenter a few kilo-
meters west of Almaty. Only 2 years later, in 1889, the 
Chilik earthquake, with a magnitude of MW = 8.3, rup-
tured the surface 100 km to the southeast of Almaty and 
led to severe shaking in the city. Almaty was heavily dam-
aged by the 1911 Chon Kemin earthquake, with a magni-
tude of MW = 8.2, which produced up to ~200 km of sur-
face ruptures and more than 10 m of slip [22]. 
Later, the area repeatedly experienced weaker events, 
some of them are shown in Fig. 8.
The high seismicity zone covers almost 30 % of the ter-
ritory of the Republic of Kazakhstan. This determines the 
relevance of the ongoing work on the development of the 
seismological network of observations.
4.2 Seismic monitoring and networks in Kazakhstan
Seismic monitoring is carried out for numerous reasons: in 
order to create a catalog of earthquakes, which is the basis 
for all seismological studies; to obtain operational infor-
mation about earthquakes; to study various predictive 
parameters of the seismic regime and seismic waves; and 
to obtain information about the behavior of various types 
of soils in major earthquakes for engineering seismology.
Fig. 7 Seismotectonics of Kazakhstan
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Monitoring of seismological information is carried 
out on a network of seismological stations in Almaty and 
five regions of the Republic of Kazakhstan: Almaty, East 
Kazakhstan, Zhambyl, Karaganda and Turkestan.
The earthquake monitoring system includes:
• network of seismological observations;
• network of other geophysical observations;
• network of hydrogeological observation;
• network of observations of current changes on the 
Earth's surface;
• network of biological observations;
• channels for transmitting information;
• center for collecting, processing and storing infor- 
mation.
The earthquake monitoring system provides:
• urgent reporting service, i.e., timely notification of 
decision-making bodies of all significant and major 
earthquakes in the controlled territory;
• registration of earthquakes in the monitored terri-
tory and adjacent areas;
• conducting field instrumental observations and obtain-
ing continuous seismic, geophysical, hydrogeological, 
seismobiological information and data on current 
movements of the Earth's surface;
• transfer all information received to the data center;
• compilation of earthquake catalogs and bulletins;
• formation of an archive of seismic, geophysical, hydro- 
geological, seismological information and informa-
tion about modern movements of the Earth's surface.
Currently, the seismological network of the Republic 
of  Kazakhstan consists of 63 stations (Fig. 9) and points. 
They perform various types of observations: seismic - on 
46, hydrogeological – on 12; geophysical – on 17, for cur-
rent movements of the surface - on 10; biological - on 5 [23].
Seismic observations are carried out in a wide frequency 
and dynamic range by different types of instruments [24]. 
The equipment complex includes digital seismic stations 
with seismometers with different recording periods from 
360 s to 0.02 s a seismometer system «Vulcan» and digital 
installations of strong motions ETNA (Fig. 10).
A wide range of seismic instruments is intended for 
recording weak and strong earthquakes of different remote-
ness. Long-period equipment (periods from 360 to 10 s) 
allows to register major earthquakes at a distance of several 
Fig. 8 Major earthquakes in Kazakhstan. The shaded areas show the affected region by each event
Fig. 9 Seismological network of the Republic of Kazakhstan
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thousand kilometers. Short-period instrumentation (peri-
ods from 10 to 0.02 s) with high sensitivity records earth-
quakes in the near-field.
Seismometric system «Vulcan» consists of 11 seismo-
telemetric stations and processing center located on the 
Central Seismic Observatory (CSO) «Almaty».
The network of seismic stations ensures the level of 
representative recording earthquakes of different energy 
classes.
4.3 The role of the Kazakh seismological networks in 
civil protection
All the stations transmit data to the Almaty CSO in real time. 
The relevant departments process it and generate reports 
about occurred earthquakes. In the case of a major, felt 
earthquake, the operators urgently determine its parame-
ters: origin time; coordinates of the epicenter; earthquake 
class or magnitude and send it to the decision-making bod-
ies that develop appropriate management decisions to min-
imize the casualties and economic loss.
Seismological monitoring data is subject to daily oper-
ational complex analysis. The complex analysis includes 
such parameters as seismic, geophysical, hydrogeological 
data and data on current movements of the Earth's surface 
from various stations. There are about 70 parameters in 
total. The purpose of the analysis is identification of short-
term earthquake precursors and assessment of the short-
term (assessment period: 1–30 days) seismic situation. 
The analysis is based on the behavior of various parameters 
before earthquakes that occurred in this region in the past.
Despite the development of the seismological network, 
the lack of seismological stations in the west and north of 
the country is a problem that impedes to monitor and fore-
cast possible earthquakes. For example, the parameters of 
the Shalkar earthquake that occurred on April 26, 2008 
in the West Kazakhstan region were determined only 
after using data from the International Center for Seismic 
Information (Obninsk). This is explained by the fact that 
the distance to the nearest seismic station "Shymkent" was 
1600 km, and to the TSO "Almaty" - 2100 km.
Thus, there is an urgent need to create a wide network 
of modern seismological monitoring that covers the entire 
territory of the Republic of Kazakhstan. 
The creation of stationary seismic stations with mod-
ern equipment requires large financial investments. In the 
context of the global financial crisis, the government is 
unable to find the necessary financial resources for the 
development of the seismic monitoring network.
In this regard, it is proposed to attract the population of 
the country with modern smartphones to create a seismic 
monitoring and early warning network.
Smartphones are equipped with GPS, therefore they 
know their location and the time with high accuracy; and 
they also have built-in accelerometers. With the appropriate 
software installed, gadgets can capture seismic waves [25] 
and transmit information to special processing and warn-
ing centers (PWC). In case of an earthquake, a large num-
ber of devices would record coherent movements allowing 
the detection of the event.
When seismic waves occur, gadgets located near the epi-
center of an earthquake record them and transmit a signal 
to the server via base stations, where the software receives 
and processes the received information and, in case of 
a threat to the population, automatically transmits it to the 
mobile app, indicating the time of occurrence, the coor-
dinates of the source and the estimated magnitude of the 
earthquake, and also issues a command for a centralized 
shutdown of gas, suspension of the subway and evacuation 
of passengers if necessary (Fig. 11).
This process occurs automatically (without human par-
ticipation) in 2–3 seconds from the moment of receipt of 
information from gadgets, which allows quick notification 
of the population and special services before the arrival of 
the main destructive (shear and surface) waves. 
To create an effective warning system (excluding false 
positive warnings) about an impending earthquake, it is 
necessary to use many hundreds or even thousands of gad-
gets. Installation of fixed early warning systems costs a lot 
Fig. 10 Big Almaty Lake - ground seismic station 
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of money. The use of smartphones will not require the pur-
chase of a large number of expensive equipment, and in 
terms of the effectiveness of early warning it can compete 
with professional seismological equipment.
5 Conclusions
We have described the seismological networks and their 
role in civil protection in a country with low to moderate 
seismicity, namely Hungary and in a high seismicity area, 
Kazakhstan. 
The two seismological networks obviously have to differ 
in their extent. In Hungary, currently the stations are distrib-
uted rather equally, thus it is possible to detect very small 
events; presently much more quarry blasts are recorded than 
earthquakes. However, in Kazakhstan the observations are 
concentrated around the known, most hazardous regions.
The focus of seismological work in Hungary is deter-
mined by the low level and diffuse nature of seismicity. 
Therefore, the main goal is seismotectonic mapping and 
the support of civil engineering in order to prevent struc-
tural failure of the critical infrastructure and dwellings 
in case of a damaging earthquake occurs. In the mean-
time, in Kazakhstan considerable efforts are being made 
by complex analysis of seismological, geophysical, and 
hydrological data in order to identify precursors of dev-
astating earthquakes, which can be a crucial contribution 
for decision-making bodies to minimize human and eco-
nomic loss in case of a disastrous earthquake happens.
We have outlined the operation of earthquake early 
warning systems and their limitations and showed that 
seismicity of Hungary does not justify the construction of 
such a system. However, in Kazakhstan due to the recur-
ring devastating earthquakes it is much needed to develop 
an EEWS. The extent of the country makes it not reason-
able to install permanent seismological stations in a suf-
ficiently dense network covering the whole territory of 
the hazardous regions, however, modern smartphones are 
capable of measuring acceleration, and thus they can be 
used in earthquake detection. Including the public in cre-
ating an EEWS would also be a great opportunity to raise 
awareness and increase efficiency of information dissemi-
nation in case of an earthquake.
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Fig. 11 Smartphone Earthquake Early Warning Diagram
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